Production platforms for biotherapeutic glycoproteins. Occurrence, impact, and challenges of non-human sialylation.
One of the fastest growing fields in the pharmaceutical industry is the market for therapeutic glycoproteins. Today, these molecules play a major role in the treatment of various diseases, and include several protein classes, i.e., clotting factors, hormones, cytokines, antisera, enzymes, enzyme inhibitors, Ig-Fc-Fusion proteins, and monoclonal antibodies. Optimal glycosylation is critical for therapeutic glycoproteins, as glycans can influence their yield, immunogenicity and efficacy, which impact the costs and success of such treatments. While several mammalian cell expression systems currently used can produce therapeutic glycoproteins that are mostly decorated with human-like glycans, they can differ from human glycans by presenting two structures at the terminal and therefore most exposed position. First, natural human N-glycans are lacking the terminal Gal 1-3Gal (alpha-Gal) modification; and second, they do not contain the non-human sialic acid N-glycolylneuraminic acid (Neu5Gc). All humans spontaneously express antibodies against both of these glycan structures, risking increased immunogenicity of biotherapeutics carrying such non-human glycan epitopes. However, in striking contrast to the alpha-Gal epitope, exogenous Neu5Gc can be metabolically incorporated into human cells and presented on expressed glycoproteins in several possible epitopes. Recent work has demonstrated that this non-human sialic acid is found in widely varying amounts on biotherapeutic glycoproteins approved for treatment of various medical conditions. Neu5Gc on glycans of these medical agents likely originates from the production process involving the non-human mammalian cell lines and/or the addition of animal-derived tissue culture supplements. Further studies are needed to fully understand the impact of Neu5Gc in biotherapeutic agents. Similar concerns apply to human cells prepared for allo- or auto-transplantation, that have been grown in animal-derived tissue culture supplements.